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Answer all FOUR (4) questions 
Candidates must answer three of the six topics (a through f) in each question 
Each question is worth 30 marks 
Each of the topics is worth 10 marks 
Where appropriate, use illustrations and dot points to support your answers 


QUESTION 1. Fundamentals (30 minutes) 
(a) You are asked to determine if the number of plant species in an ecological community 
differs as a result of climate change. 


|. | What scientific method would you use: induction or deduction? (1 mark) 
Il. | Why would you use this scientific method? (1 mark) 


Ill. | Explain the benefits and the drawbacks of the scientific method that you chose. 
(8 marks) 


(b) Replication is used for ecological surveys and experiments. 
|. | Why do ecologists use replication? (1 mark) 
Il. | Fora particular ecological project, how can you determine the number of replicates 
required? (5 marks) 
Ill. | In which types of studies can you use replication? (4 marks) 


(c) After completion of a pilot study, you review the data and notice that your data 
is accurate but variable in its level of precision. 


|. | Would you be concerned? (1 mark) 


Il. | What is the difference between accuracy and precision? Is one more important than 
the other when investigating natural phenomena? (5 marks) 


Ill. | Provide a diagram showing the relationship between accuracy and precision. 
(4 marks) 


(d) When conducting ecological surveys or experiments, measurable variables can be 
continuous, discrete, ranked or categorical. 
|. | Provide a definition of each type of measurable variable. (5 marks) 
Il. | Provide an example of each type of measured variable. (5 marks) 


(e) The deductive approach of the scientific method requires the formulation of a 
hypothesis followed by a series of hypothesis testing. 


|. | When establishing a hypothesis, what are the two types of hypothesis that are 
developed? (5 marks) 


Il. When testing a hypothesis, what can you prove? (5 marks) 


(f) You would like to investigate a component of a large scale ecological system. As part of 
the study, you will also look at microclimatic factors and associations at a small scale. 
I. How will you conduct the study at two different spatial scales? (3 marks) 
Il. What influence could each spatial scale have on the research that you are conducting? 
(3 marks) 
Ill. What may you have to compromise during a study of this nature? (1 mark) 
IV. How could you stratify your sampling to sample the study area effectively? (3 marks) 
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QUESTION 2. Sampling (30 minutes) 


(a) Quadrats are very common in vegetation sampling. 
|. Explain what quadrats are and how they can be used. (1 mark) 


ll. | Explain how quadrats can be placed to produce precise and accurate measurements. 
(5 marks) 


Ill. | Discuss the common sampling designs that you can use when sampling with quadrats. 
(4 marks) 


(b) What is the basis for using a capture-mark-recapture (CMR) sampling program in 
animal population ecology? 


|. | What assumptions are made about the closed population state when using the 
Petersen method? (4 marks) 
ll. If you have a recapture/capture ratio of yabbies > 0.1 following a CMR survey you can 


use a binominal approximation to calculate confidence intervals (Cl) for the population 
mean. Explain how you would use a nomogram to estimate the Cl? (6 marks) 


(c) If you wanted to conduct a survey to estimate the density of the Western Grey 
Kangaroo at a broad scale, it is most likely that the survey method you would use 
would be some form of transect sampling. With regard to this, there are two possible 
approaches that can be taken: one involving what is called strip transect sampling and 
the involving what is called line transect sampling. One of these methods is considered 
superior to the other. 

|. | Which one of these methods is superior? (2 marks) 


Il. | Why is the method deemed superior considered to be the better method? (8 marks) 


(d) When conducting vegetation surveys, variables that you could select to sample could 
include cover, density, frequency, species composition and species abundance. 


|. | Define each of these variables. Dot points are fine. (6 marks) 


Il. | In general, what could these variables tell you about the vegetation community being 
surveyed? (4 marks) 


(e) During a pilot study for sampling vegetation, you notice that you are obtaining 
differences in results, dependent on the variety of quadrat shapes and sizes that you 
are using. 


|. | What are three reasons for the differences that you are seeing? (3 marks) 
Il. | Howcan you decide which size quadrat is the most appropriate? (2 marks) 
lll. | What does the term ‘edge effect’ mean? (3 marks) 
IV. | Howcan you minimise the ‘edge effect’ issue when using a quadrat? (2 marks) 


(f) The abundance of animals can be measured in the following three ways: total number 
of animals in a population, absolute density (number of animals per unit area) and 
relative density. 

|. | Provide an example of when you may use each of the abundance measurements listed 
above. (7 marks) 


Il When measuring the abundance of animals, what are some of the general 
considerations and animal behaviours that you need to be aware of to ensure that your 
sampling effort will represent an estimation of the population abundance? (3 marks) 
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QUESTION 3. Data Analysis (30 minutes) 


(a) You conduct an experiment and, based on the statistical results you reject the null 
hypothesis, that there is no difference between the means of three different treatment 
groups. You would like to determine where the difference occurs. 


|. | Provide an example of one post-hoc statistical test that you can use on normally 
distributed data to do this. (10 marks) 


(b) The one-way ANOVA is a simple statistical model which can be used in a wide range of 
experimental designs. 
|. | When would it be appropriate to use an analysis of variance (ANOVA) to test 
hypotheses in ecology? (4 marks) 


Il. | What are two other types of ANOVA experimental designs used? (3 marks) 
lll. | What are the advantages of the types of ANVA that you have listed. (3 marks) 


(c) It is thought that if some species of plant are grown at high densities, they respond by 
producing smaller seeds. A study is conducted on a particular species to test this 
hypothesis. The average weight of seeds collected from a random selection of plants 
found growing at different densities was related to plant density, first with a bivariate 
plot (see figure below) and then by the fitting of a simple linear regression to these 
data. 
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|. | Assuming from the bivariate plot that fitting a simple linear regression to these 
data was a suitable approach to take, a null hypothesis would need to be tested 
as part of this process. What would this null hypothesis be? (2 marks) 


Il. | Testing the null hypothesis resulted in the following statistical outcome: F1,13 = 
111.51, P < 0.0005. What does the letter F and subscript numbers mean? 
(2 marks) 


Ill. | The equation for the linear regression fitted to these data was: 
SEEDWGHT = 311.9 — 0.688 PLANTDEN where, SEEDWGHT = the average seed 
weight and PLANTDEN = plant density. 
a. What are the two coefficients in this equation (2 marks) 
b. How can these be interpreted with regard to the relationship between 
average seed weight and plant density? (2 marks) 


IV. Two other statistics can be calculated in relation to fitting this regression. These 
are r* = 0.86 and its square-root, r = -0.93. What information do these two 
statistics convey about the relationship between average seed weight and plant 
density? (2 marks) 
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(d) Associated with the hypothesis testing process are two types of statistical error, 
referred to as Type | error and Type Il error. 


|. | Explain the circumstances under which these errors are likely to arise. (5 marks) 


ll. | How are these error types related to the significance level that is set prior to the 
experiment or survey conducted? Consider a significance level of alpha being 0.05. 
(5 marks) 


(e) The larvae of a fly that tunnels within eucalypt leaves suffers mortality from two main 
sources: birds peck open the mines and eat these larvae, and the larvae of small wasps 
(parasitoids) feed internally on the fly larvae and then pupate within the leaf mines. The 
fate of the larvae in 200 leaves picked from the top, middle and bottom of randomly 
selected trees was as follows: 


TOP MIDDLE BOTTOM 


The data in this contingency table were analysed using a chi-square statistic. 


I. State the null hypothesis that was tested here. (2 marks) 
Il. With a chi-square value of x2 = 23.40 on 6 d.f. and P < 0.001, was the null hypothesis 
accepted or rejected? (5 marks) 
Ul. Given the outcome of the chi-square test, what can you say about the fate of the leaf 
mining fly at the different heights in the tree canopies? (3 marks) 


(f) You complete a survey of the number of wild pigs within a 10-hectare patch of a river 
red gum/black box vegetation community in North West Victoria (a riverine system). 
You also conduct a survey using transects and quadrats to determine the number of 
mushrooms located within a 2500 m radius of inhabited pig dens. 


I. Following the surveys, how you could use a linear regression model to fit the data you 
have obtained (assume normally distributed data)? (5 marks) 


Il. What are two types of studies that you could apply linear regression models to? 
Hint: Consider animal and vegetation sampling methods and potential dependent and 
independent variables associated with populations. (5 marks) 


QUESTION 4. Experimental Design and Practicals (30 minutes) 


(a) During the intensive school, a seed bank experiment was run in order to assess the 
effect of one type of disturbance on three different ecological communities. 


|. | What was the type of disturbance employed during the seed bank experiment? 
(1 mark) 


Il. | What experimental design was employed to assess the effect of disturbance? 
(4 marks) 


lll. | Describe the statistical design in relation to the experimental setup. (5 marks) 
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(b) When conducting ecological studies, the common statistics used to assess the 
dynamics of the ecological community are species richness, species diversity, species 
evenness and the equivalent number of commonly occurring species. 


|. | Define what species diversity is and how you can calculate it. (5 marks) 


ll. | Explain what each of these statistics could tell you about a community being surveyed? 
(5 marks) 


(c) When looking at the effect of a treatment used in an ecological experiment: 
I. What does the term ‘effect size’ mean? (5 marks) 
Il. What is the relevance of the effect size in relation to experiments and the 
interpretation of the results? (5 marks) 


(c) You have recently conducted an experiment on plants. You wanted to test the effect of 
three native grass species on the total concentration of soil nutrients in the top 30 cm 
of a clay-loam soil. In total you had set up 30 pots, which had included six treatments of 
mixed plantings (5 replicates for every treatment). The treatments were: 


1) Grass sp.1 2) Grasssp.2 3) Grass sp.3 4) Grass sp. 1 and Grass sp. 2 
5) Grass sp. 1 and Grass sp. 3 6) Grass sp. 2 and Grass sp. 3. 


On review of this experimental design you discover that you had taken multiple soil 
samples from each replicate within the treatment blocks as opposed to one sample per 
each replicate of the treatment. 


|. | Have you sampled correctly? (1 mark) 


ll. | Are your multiple soil samples collected from each single pot representative of the 
average concentration of nutrients for each treatment? (1 mark) 


Ill. | What is the term applied to the type of replication that you have conducted here? 
(5 marks) 


IV. |Howcan you prevent this type of replication occurring in future ecological experiments 
that you wish to conduct? (2 marks) 


V. — Is there anything else that was needed to have been included in the experiment? 
(1 mark) 


(d) After we conducted the yabby practical at Newholme Dam, we looked at how we can 
use a Catch curve to define yabby size in relation to a population age range. 


|. | Describe what a catch curve is. (5 marks) 


ll. | Explain how one can be used to estimate survivorship of a specific species of interest. 
(5 marks) 


(e) During the intensive school we surveyed leaf litter invertebrates. 


|. | Describe the survey method that we employed to collect leaf litter invertebrates from 
the grassy woodland visited during the field trip. (4 marks) 


Il. What method was used to extract the leaf litter invertebrates from the leaf litter? 
(4 marks) 
lll. | List some of the benefits of using the survey method that we employed. (2 marks) 
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